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Common origin of inverse seesaw and baryon asymmetry
Pei-Hong Gu∗
School of Physics and Astronomy, Shanghai Jiao Tong University, 800 Dongchuan Road, Shanghai 200240, China
In the inverse seesaw scenario, several fermion singlets have a small Majorana mass term. We
show such Majorana masses can be suppressed by some heavy fermion and/or Higgs singlets after a
global symmetry is spontaneously broken. These interactions can also accommodate a leptogenesis
mechanism to explain the cosmic baryon asymmetry.
PACS numbers: 98.80.Cq, 14.60.Pq, 12.60.Cn, 12.60.Fr
I. INTRODUCTION
The phenomenon of neutrino oscillations has been es-
tablished by the atmospheric, solar, accelerator and re-
actor neutrino measurements. This fact implies three fla-
vors of neutrinos should be massive and mixed [1]. More-
over, the cosmological observations indicate that the neu-
trinos should be extremely light [1]. The tiny but nonzero
neutrino masses call for new physics beyond the standard
model (SM). The seesaw [2] mechanism is considered the
best explanation for the smallness of the neutrino masses.
Some seesaw models [2, 3] can also accommodate a lepto-
genesis [4–13] mechanism to generate the cosmic baryon
asymmetry, which is another big challenge to the SM.
The inverse [14] seesaw has become one of the most
attractive seesaw scenarios because of its testability. In
the inverse seesaw models, several neutral fermions have
a small Majorana mass term and mix with the same
number of right-handed neutrinos. Due to such small
Majorana masses, the right-handed neutrinos can have
a sizable Dirac mass term with the left-handed neutri-
nos. However, the testable inverse seesaw has few dis-
advantages. For example, it probably needs an addi-
tional origin for the small Majorana masses of the neutral
fermions. It also seems to have no ideas for the genera-
tion of the baryon asymmetry.
In this paper we shall extend the SM SU(3)c ×
SU(2)L ×U(1)Y gauge symmetries by a U(1)B−L gauge
symmetry and a U(1)X global symmetry. After a gauge-
singlet Higgs scalar develops its vacuum expectation
value (VEV) for spontaneously breaking the U(1)X sym-
metry, three gauge-singlet fermions can obtain their small
Majorana masses by integrating out some heavy gauge-
singlet fields. These gauge-singlet fermions can also have
a mass term with three right-handed neutrinos after the
U(1)B−L symmetry is spontaneously broken. Due to the
Yukawa couplings of the right-handed neutrinos to the
SM lepton and Higgs doublets, we eventually can real-
ize an inverse seesaw mechanism for generating the left-
handed neutrino masses. On the other hand, the heavy
gauge-singlet fields can decay to produce an asymmetry
stored in the three gauge-singlet fermions. The sphaleron
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processes [15] then can partially transfer this asymmetry
to a baryon asymmetry because of the sizable Yukawa
couplings involving the right-handed neutrinos.
II. THE MODEL
Besides the SM fermions,
qL(3, 2,+
1
6
,+ 1
3
) , dR(3, 1,−
1
3
,+ 1
3
) , uR(3, 1,+
2
3
,+ 1
3
) ,
lL(1, 2,−
1
2
,−1) , eR(1, 1,−1,−1) , (1)
our model contains three right-handed neutrinos and two
types of gauge-singlet fermions,
νRi(1, 1, 0,−1) , SRi(1, 1, 0, 0) , XRb(1, 1, 0, 0) ,
(i = 1, 2, 3; b = 1, ...) . (2)
In the scalar sector, there are three types of Higgs sin-
glets,
χ(1, 1, 0,−1) , ξ(1, 1, 0, 0) , Σa(1, 1, 0, 0) , (a = 1, ...) , (3)
in addition to the SM Higgs doublet,
φ(1, 2,− 1
2
, 0) . (4)
In the above, the brackets following the fields describe the
transformations under the SU(3)c × SU(2)L × U(1)Y ×
U(1)B−L gauge groups. We also impose a U(1)X global
symmetry under which the fermions and scalars carry the
X-number as below,
U(1)X : qL(−
1
3
) , dR(−
1
3
) , uR(−
1
3
) , lL(+1) , eR(+1) ,
νR(+1) , SR(−1) , XR(0) , φ(0) , χ(0) ,
ξ(−1) , Σ(+2) . (5)
For simplicity, we do not write down the full La-
grangian. Instead, we only give the terms relevant to
our demonstrations,
L ⊃ −
(
M2ΣΣ
†Σ+ ρΣΣξ
2 +
1
2
gΣΣS¯
c
RSR +H.c.
)
−
(
1
2
MXX¯
c
RXR + gXξS¯RX
c
R +H.c.
)
−
(
yl¯LφνR + fχν¯RS
c
R +H.c.
)
, (6)
2where the Majorana mass matrix MX and the Yukawa
couplings gΣ are symmetric, i.e. MX = M
T
X , gΣ = g
T
Σ .
Without loss of generality and for convenience, we will
work in the basis where the cubic couplings ρΣ are real
while the mass matrices MΣ and MX are real and diag-
onal. Accordingly, we can define the Majorana fermions
as below,
Xb = XRb +X
c
Rb = X
c
b . (7)
Clearly, the U(1)X global symmetry is exactly conserved
so that the gauge-singlet fermions SR can not have a
gauge-invariant Majorana mass term. Note the U(1)X
symmetry can be identified to a U(1)L−B global sym-
metry. Alternatively, we can consider other global sym-
metry under which the U(1)B−L Higgs singlet χ is also
non-trivial. In this case, the global lepton number is al-
lowed to be exactly conserved or softly broken in Eq. (6).
III. INVERSE SEESAW
After the Higgs singlet ξ develops its VEV for sponta-
neously breaking the U(1)X symmetry, the heavy Higgs
singlets Σ can pick up their suppressed VEVs,
〈Σ〉 ≃ −
ρΣ〈ξ〉
2
M2
Σ
≪ 〈ξ〉 for MΣ & ρΣ , MΣ ≫ 〈ξ〉 . (8)
Accordingly, the three fermion singlets SR can acquire a
Majorana mass term besides their mixing with the heavy
fermion singlets XR, i.e.
L ⊃ −
1
2
fΣ〈Σ〉S¯
c
RSR − gX〈ξ〉S¯RX
c
R +H.c. . (9)
In addition, the three fermion singlets SR can have a mass
term with the three right-handed neutrinos νR when the
Higgs singlet χ drives the U(1)B−L symmetry breaking,
L ⊃ −mN ν¯RS
c
R +H.c. with mN = f〈χ〉 . (10)
Furthermore, the right-handed neutrinos νR can obtain
the usual Dirac masses with the left-handed neutrinos
νL when the Higgs doublet φ acquires its VEV for the
electroweak symmetry breaking,
L ⊃ −mDν¯LνR +H.c. with mD = y〈φ〉 . (11)
In conlusion, the four types of neutral fermions νL, νR,
SR and XR have the masses as below,
Lm = −
1
2
[
ν¯L ν¯
c
R S¯
c
R X¯
c
R
]


0 mD 0 0
mTD 0 m
∗
N 0
0 m†N gΣ〈Σ〉 g
∗
X〈ξ〉
0 0 g†X〈ξ〉 MX




νcL
νR
SR
XR


+H.c. . (12)
The above symmetric mass matrix can be block diag-
onalized since the element MX is expected much larger
than the other elements, i.e.
Lm ≃ −
1
2
[
ν¯L ν¯
c
R S¯
c
R X¯
c
R
]


0 mD 0 0
mTD 0 m
∗
N 0
0 m†N µS 0
0 0 0 MX




νcL
νR
SR
XR


+H.c. with
µS = gΣ〈Σ〉 − g
∗
X
〈ξ〉2
MX
g†X = µ
T
S . (13)
Clearly, as the Majorana fermions X and the Higgs sin-
glets Σ are assumed heavy enough, the Majorana masses
µS can be highly suppressed in a natural way. Remark-
ably, this Majorana mass generation is similar to the con-
ventional type-I [2] and type-II [3] seesaw mechanisms, as
shown in Fig. 1.
Subsequently, in the limiting case,
mN ≫ µS , mD , (14)
the fermion singlets SR and the right-handed neutrinos
νR can form three quasi-Dirac particles,
N = νR + S
c
R , (15)
while the left-handed neutrinos νL can obtain their small
Majorana masses,
Lm ≃ −
1
2
[
ν¯L ν¯
c
R S¯
c
R X¯
c
R
]


mν 0 0 0
0 0 m∗N 0
0 m†N µS 0
0 0 0 MX




νcL
νR
SR
XR


+H.c.
≃ −
1
2
mν ν¯Lν
c
L −mN ν¯RSR −
1
2
MXX¯
c
RXR +H.c.
with mν = mD
1
m†N
µS
1
m∗N
mTD . (16)
Here the formula of the small neutrino masses mν is
known as the inverse seesaw [14].
IV. HEAVY HIGGS AND FERMION SINGLET
DECAYS
As shown in Fig. 2, there are two decay modes of the
heavy Higgs singlet Σa, i.e.
Σa → S
c
R + S
c
R , Σa → ξ
∗ + ξ∗ . (17)
If the CP is not conserved, we can expect a CP asymme-
try in the above decays,
εΣa = 2
Γ(Σa → S
c
R + S
c
R)− Γ(Σ
∗
a → SR + SR)
Γ
Σa
= 2
Γ(Σ∗a → ξ + ξ)− Γ(Σa → ξ
∗ + ξ∗)
Γ
Σa
6= 0 ,(18)
3SR
XR XR
SR
ξ ξ
+ SR
Σ
SR
ξ ξ
FIG. 1: The Majorana mass generation of the gauge-singlet fermions.
Σa
ScR
ScR
+
Σa
ξ∗
ξ∗
+
Σa
ξ
ξ
Σc
ScR
ScR
Σa
SR
SR
Σc
ξ∗
ξ∗
Σa
ξ
ξ
Xb
ScR
ScR
+
Σa
SR
SR
Xb
ξ∗
ξ∗
+
FIG. 2: The heavy Higgs singlet decays.
where ΓΣa is the total decay width,
ΓΣa = Γ(Σa → S
c
R + S
c
R) + Γ(Σa → ξ
∗ + ξ∗)
= Γ(Σ∗a → SR + SR) + Γ(Σ
∗
a → ξ + ξ) . (19)
We can calculate the decay width at tree level and the
CP asymmetry at one-loop order,
ΓΣa =
1
8pi
[
Tr
(
g†
Σa
gΣa
)
+
ρ2Σa
M2
Σb
]
MΣa , (20)
εΣa = −
1
pi


∑
c 6=a
Im
[
Tr
(
g†
Σa
gΣc
)]
Tr
(
g†
Σa
g
Σa
)
+
ρ2
Σa
M2
Σa
ρΣaρΣc
M2
Σc
−M2
Σa
+
∑
b
Im
[(
g†Xg
†
Σa
g∗X
)
bb
]
(
g†
Σa
g
Σa
)
aa
+
ρ2
Σa
M2
Σa
×
ρΣaMXb
M2
Σa
ln
(
1 +
M2Σa
M2Xb
)}
. (21)
Here the first term in the CP asymmetry is the self-energy
correction mediated by the heavy Higgs singlet(s) while
the second term is the vertex correction mediated by the
heavy fermion singlet(s). A nonzero CP asymmetry εΣa
needs at least two heavy Higgs singlets Σ, or at least one
heavy Higgs singlet Σ and at least one heavy fermion
singlet X .
We also consider the decays of the heavy fermion sin-
glet Xb. The decay modes are
Xb → S
c
R + ξ , Xb → SR + ξ
∗ . (22)
The relevant diagrams are shown in Fig. 3. The decay
width and the CP asymmetry can be calculated at tree
4Xb
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+
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FIG. 3: The heavy fermion singlet decays.
level and one-loop order, respectively,
ΓXb = Γ(Xb → S
c
R + ξ) + Γ(Xb → SR + ξ
∗)
=
1
16pi
(
g†XgX
)
bb
MXb (23)
εXb =
Γ(Xb → S
c
R + ξ)− Γ(Xb → SR + ξ
∗)
ΓXb
= −
1
16pi


∑
d 6=b
Im
{[(
gTXg
∗
X
)
bd
]2}
(
g†XgX
)
bb
×
{
MXb
MXd
M2Xd
−M2Xb
+
2MXd
MXb
[
1−
(
1 +
M2Xd
M2Xb
)
ln
(
1 +
M2Xb
M2Xd
)]}
+
∑
a
Im
[(
gTXgΣag
∗
X
)
bb
]
(
g†XgX
)
bb
×
4ρΣa
MXb
[
1−
M2Σa
M2Xb
ln
(
1 +
M2Xb
M2
Σa
)]}
. (24)
Here the first term in the CP asymmetry is the self-energy
and vertex corrections mediated by the heavy fermion
singlet(s), while the second term is the vertex corrections
mediated by the heavy Higgs singlet(s). A nonzero CP
asymmetry εXb
needs at least two heavy fermion singlets
X , or at least one heavy fermion singlet X and at least
one heavy Higgs doublet Σ.
After the heavy Higgs singlets Σa and the heavy
fermion singlets Xb go out of equilibrium, their decays
can generate an X-asymmetry XS stored in the fermion
singlets SR. For demonstration, we can simply assume
the lightest heavy Higgs singlet Σ1 or the lightest heavy
fermion singlet X1 to be much lighter than the other
heavy Higgs and fermion singlets. The X-asymmetry
XS then should mainly come from the Σ1 or X1 decays,
i.e.
XS = εΣ
1
/X
1
(
neq
Σ
1
/X
1
s
) ∣∣∣T=TD , (25)
where the symbols neq
Σ
1
/X
1
and TD respectively are the
equilibrium number density and the decoupled tempera-
ture of the lightest heavy Higgs or fermion singlets, while
the character s is the entropy density of the universe [16].
In this case, the CP asymmetries ε
Σ
1
/X
1
can be simplified
by
εΣ
1
≃
1
pi
Im
[
Tr
(
g†
Σ
1
µS
)]
ρΣ
1[
Tr
(
g†
Σ
1
g
Σ
1
)
+
ρ2
Σ
1
M2
Σ
1
]
〈ξ〉2
≤
1
pi
Im
[
Tr
(
g†
Σ
1
µS
)]
ρΣ
1
2
√
Tr
(
g†
Σ
1
g
Σ
1
) ρ2
Σ
1
M2
Σ
1
〈ξ〉2
.
1
2pi
µmaxMΣ
1
〈ξ〉2
,
εX
1
≃
1
8pi
Im
[(
gTXµSgX
)
11
]
MX
1(
g†XgX
)
11
〈ξ〉2
.
1
8pi
µmaxMX
1
〈ξ〉2
, (26)
with µmax being the largest eigenvalue of the Majorana
mass matrix µS .
Note the SR − S
c
R oscillation induced by the Majo-
rana masses µS will tend to wash out the XS asymme-
try. However, this oscillation will go into equilibrium at a
very low temperature, where the sphalerons are no longer
5active, i.e [
ΓSR−ScR > H(T )
]
|T≪100GeV
with ΓSR−ScR ∼


µ2S
T for T > mN ,
µ2S
mN
for T < mN .
(27)
Here H(T ) is the Hubble constant,
H(T ) =
[
8pi3g∗(T )
90
] 1
2 T 2
M
Pl
, (28)
with M
Pl
≃ 1.22× 1019GeV being the Planck mass and
g∗(T ) being the relativistic degrees of freedom.
V. BARYON ASYMMETRY
The X-asymmetry XS stored in the fermion singlets
SR will lead to an X-asymmetry stored in the SM lepton
doublets lL because of the related Yukawa interactions
in Eq. (6). The sphaleron processes then can partially
transfer this SM X-asymmetry to a baryon asymmetry.
We now analysize the chemical potentials [17] to dis-
cuss the details of these conversions. For this purpose,
we denote µq, µd, µu, µl, µe, µν , µS , µφ and µχ for the
chemical potentials of the fields qL, dR, uR, lL, eR, νR,
SR, φ and χ. We then can consider the chemical poten-
tials in three phases,
• phase-I: before the U(1)B−L symmetry breaking.
• phase-II: after the U(1)B−L symmetry breaking.
• phase-II: after the quasi-Dirac fermions N decays.
In phase-I, the SM Yukawa interactions are in equilib-
rium and hence yield,
−µq + µd − µφ = 0 , (29)
−µq + µu + µφ = 0 , (30)
−µl + µe − µφ = 0 , (31)
the fast sphalerons constrain,
3µq + µl = 0 , (32)
while the neutral hypercharge in the universe requires,
3
(
µq − µd + 2µu − µl − µe
)
− 2µφ = 0 . (33)
In addition, the Yukawa interactions involving the right-
handed neutrinos are also in equilibrium. This means
−µl + µν + µφ = 0 , (34)
−µS − µν + µχ = 0 . (35)
Furthermore, the total U(1)B−L charge should be zero,
3
(
2µq + µd + µu
)
− 3 (2µl + µe + µν)− 2µχ = 0 . (36)
In the above Eqs. (29-36), we have identified the chem-
ical potentials of the different-generation fermions be-
cause the Yukawa interactions establish an equilibrium
between the different generations. By solving Eqs. (29-
36), we can determine the chemical potentials in phase-I
as below,
µIφ = −
4
7
µIl , µ
I
q = −
1
3
µIl , µ
I
d = −
19
21
µIl ,
µIu =
5
21
µIl , µ
I
e =
3
7
µIl , µ
I
ν =
11
7
µIl ,
µIS = −
67
7
µIl , µχ = −8µ
I
l . (37)
Now the global baryon number can be given by
BI = 3(2µIq + µ
I
d + µ
I
u) = −4µ
I
l . (38)
As for the global X-number, it should be
XI = XIqL+dR+uR +X
I
lL+eR
+XIνR +X
I
SR
, (39)
with XIqL+dR+uR
, XIlL+eR
, XIνR and X
I
SR
being the global
X-number in the SM quarks, the SM leptons, the right-
handed neutrinos νR, and the fermion singlets SR, re-
spectively,
XIqL+dR+uR = −3(2µ
I
q + µ
I
d + µ
I
u) = 4µ
I
l ,
XIlL+eR = 3(2µ
I
l + µ
I
e) =
51
7
µIl ,
XIνR = 3µ
I
ν =
33
7
µIl ,
XISR = −3µ
I
S =
201
7
µIl . (40)
The global X-number then can be computed by
XI = XIqL+dR+uR +X
I
lL+eR
+ LIνR + L
I
SR
=
313
7
µIl . (41)
The global X-number (41) should be conserved after
it is produced from the lightest heavy Higgs or fermion
singlet decays. Therefore, we can read
XI = X i = XS
= εΣ
1
/X
1
(
neq
Σ
1
/X
1
s
) ∣∣∣T=TD , (42)
where X i = XS is the initial X-number from the lightest
heavy Higgs or fermion singlet decays. So we eventually
can derive
XIqL+dR+uR =
28
313
XI =
28
313
XS ,
XIlL+eR =
51
313
XI =
51
313
XS ,
XIνR =
33
313
XI =
33
313
XS ,
XISR =
201
313
XI =
201
313
XS ,
BI = −XIqL+dR+uR = −
28
313
XS . (43)
6The U(1)B−L gauge symmetry might be broken after the
electroweak symmetry breaking if its gauge coupling is
small enough to escape from the experimental limits. In
this case, the final baryon asymmetry can be determined
at this moment, i.e.
Bf = B
I = −
28
313
XS
= −
28
313
εΣ
1
/X
1
(
neq
Σ
1
/X
1
s
) ∣∣∣T=TD . (44)
Usually the U(1)B−L gauge symmetry should be bro-
ken before the electroweak symmetry breaking as its
gauge coupling is not chosen to be very small. We thus
consider the phase-II, where Eq. (36) should be removed
while Eq. (35) should be modified,
−µS − µν = 0 . (45)
The chemical potentials of the relativistic particles now
are given by
µIIφ = −
4
7
µIIl , µ
II
q = −
1
3
µIIl , µ
II
d = −
19
21
µIIl ,
µIIu =
5
21
µIIl , µ
II
e =
3
7
µIIl , µ
II
ν =
11
7
µIIl ,
µIIS = −
11
7
µIIl . (46)
At this stage, the global baryon number in the SM quarks
and the global X-numbers in the SM quarks, the SM
leptons, the right-handed neutrinos νR, and the fermion
singlets SR should be
XIIqL+dR+uR = −3(2µ
II
q + µ
II
d + µ
II
u ) = 4µ
II
l ,
XIIlL+eR = 3(2µ
II
l + µ
II
e ) =
51
7
µIIl ,
XIIνR = 3µ
II
ν =
33
7
µIIl ,
XIISR = −3µ
II
SR
=
33
7
µIIl ,
BII = −XIIqL+dR+uR = −4µ
II
l . (47)
The conserved X-number in the phase-II thus becomes
to be
XII = XIIqL+dR+uR +X
II
lL+eR
+XIIνR +X
II
SR
=
145
7
µIIl
= XI = XS . (48)
Accordingly, we can read
XIIqL+dR+uR = −
28
145
XII =
28
145
XS ,
XIIlL+eR =
51
145
XII =
51
145
XS ,
XIIνR =
33
145
XII =
33
145
XS ,
XIISR =
33
145
XII =
33
145
XS ,
BII = −XIIqL+dR+uR = −
28
145
XS . (49)
Now the right-handed neutrinos νR and the fermion sin-
glets SR have formed three quasi-Dirac particles N =
νR + S
c
R. If these N fermions keep relativistic before the
electroweak symmetry breaking, the final baryon asym-
metry can be simply given by
Bf = BII = −
28
145
XS
= −
28
145
εΣ
1
/X
1
(
neq
Σ
1
/X
1
s
) ∣∣∣T=TD . (50)
Alternatively, the N fermions have already become
non-relativistic and hence have completely decayed be-
fore the electroweak symmetry breaking. In this case, we
should consider the phase-III where the chemical poten-
tials of the relativistic freedoms are
µIIIφ = −
4
7
µIIIl , µ
III
q = −
1
3
µIIIl , µ
III
d = −
19
21
µIIl ,
µIIIu =
5
21
µIIIl , µ
III
e =
3
7
µIIIl , (51)
and hence the global baryon number and the global X-
number in the SM are
XIIIqL+dR+uR = −3(2µ
III
q + µ
III
d + µ
III
u ) = 4µ
III
l ,
XIIIlL+eR = 3(2µ
III
l + µ
III
e ) =
51
7
µIIIl ,
BIII = −XIIIqL+dR+uR = −4µ
III
l . (52)
The conversed X-number in the phase-III thus should be
XIII = XIIIqL+dR+uR +X
III
lL+eR
=
79
7
µIIIl
= XII = XS . (53)
We hence can obtain
XIIIqL+dR+uR = −
28
79
XII =
28
79
XS ,
XIIIlL+eR =
51
79
XII =
51
79
XS ,
BIII = −XIIIqL+dR+uR = −
28
79
XS . (54)
The final baryon number then can be given by
Bf = BIII = −
28
79
XS
= −
28
79
εΣ
1
/X
1
(
neq
Σ
1
/X
1
s
)∣∣∣T=TD . (55)
VI. NUMERICAL EXAMPLE
We can solve the related Boltzmann equations to de-
termine the X-asymmetry (25) and then the final baryon
asymmetry (44), (50) or (55) by inputting the masses and
couplings of the heavy Higgs or fermion singlets Σ1/X1.
7For simplicity, we just consider the weak washout region
where the lightest heavy Higgs or fermion singlet decays
match the condition,[
Γ1 < H(T ) =
[
8pi3g∗(T )
90
] 1
2 T 2
M
Pl
]∣∣∣∣∣
T=MΣ
1
/X
1
, (56)
so that the final baryon asymmetry can be approximately
described by
Bf ∼ c
ε1
g∗
with c = −
28
79
or −
28
145
or −
28
313
. (57)
Here H(T ) is the Hubble constant with MPl ≃ 1.22 ×
1019GeV being the Planck mass and g∗(T ) = 122.25 be-
ing the relativistic degrees of freedom (the SM fields plus
the three right-handed neutrinos νR, the three gauge-
singlet fermions SR, the U(1)X Higgs singlet ξ, the
U(1)B−L Higgs singlet χ and the U(1)B−L gauge boson.).
As an example, we choose
〈ξ〉 = O(100TeV) , (58)
and then take
MΣ
1
= 1014GeV , ρΣ
1
= 1012GeV , (gΣ
1
)ij = O(0.01) ;
or MX
1
= 1014GeV , (gX)i1 = O(0.01) . (59)
With these inputting, we can have
µS = O(10 eV) , (60)
as well as
Γ
Σ
1
/X
1
H(T )
∣∣∣∣T=MΣ
1
/X
1
= O(0.1) , εmaxΣ
1
/X
1
= O(10−5) .(61)
So, the final baryon asymmetry (57) can arrive at the
observed value Bf ∼ 10−10.
We further take
〈χ〉 = O(10TeV) , f ∼ O(10−3 − 0.1) , y ∼ O(10−2 − 1) ,
(62)
to give
mN ∼ O(10− 1000GeV) , mD ∼ O(1− 100GeV) .(63)
By inserting the outputs (60) and (63) into the inverse
seesaw (16), we can obtain the neutrino masses mν =
O(0.1 eV).
For the above parameter choice, we also check the SR−
ScR oscillation induced by the Majorana masses µS . We
find this oscillation can not go into equilibrium before
the electroweak symmetry breaking and hence it will not
affect the production of the baryon asymmetry.
VII. CONCLUSION
In this paper, we have shown the small Majorana
masses of the fermion singlets in the inverse seesaw mod-
els can have a common origin with the cosmic baryon
asymmetry. Our scenario is based on a U(1)B−L gauge
symmetry and a U(1)X global symmetry. When a gauge-
singlet Higgs scalar drives the spontaneous breaking of
the U(1)X symmetry, three gauge-singlet fermions can
obtain their small Majorana masses by integrating out
some heavy gauge-singlet scalars and/or fermions. These
gauge-singlet fermions can also mix with the same num-
ber of right-handed neutrinos after the U(1)B−L symme-
try is spontaneously broken. Thanks to the Yukawa inter-
actions between the right-handed neutrinos and the stan-
dard model, the left-handed neutrinos eventually can ob-
tain a small Majorana mass term through the inverse see-
saw mechanism. On the other hand, through their cou-
plings for realizing the inverse seesaw, the heavy gauge-
singlet scalars and/or fermions can decay to produce an
asymmetry stored in the three gauge-singlet fermions.
The sphaleron processes then can partially transfer this
asymmetry to a baryon asymmetry because of the sizable
Yukawa couplings involving the right-handed neutrinos.
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